1. Introduction {#sec1-tropicalmed-02-00045}
===============

*Neisseria gonorrhoeae* is a Gram-negative diplococcus that causes gonorrhea, a common communicable disease that is spread from person to person through sexual contact. Gonorrhea is considered to be endemic worldwide and causes clinical manifestations in infected individuals such as urethritis, cervicitis, pharyngitis, proctitis, conjunctivitis, disseminated blood stream infection, tubal infection with impaired infertility, and the spread of infection to the prostate and epididymis \[[@B1-tropicalmed-02-00045]\]. Pediatric patients are not exempted from gonococcal infections. Neonates of infected mothers that are delivered by normal spontaneous vaginal delivery are prone to gonococcal conjunctivitis \[[@B2-tropicalmed-02-00045]\].

Although gonorrhea is considered an old malady that can be traced back to ancient times, this type of sexually transmitted infection has persisted through the years \[[@B3-tropicalmed-02-00045]\]. As of 2008, World Health Organization (WHO) estimated the emergence of approximately 106 million new cases per year \[[@B4-tropicalmed-02-00045]\]. In addition, there are a number of documented studies stating that *N. gonorrhoeae* has become resistant to most or even to all antibiotics commonly used to treat it. Reports state that *N. gonorrhoeae* has exhibited decreased susceptibility or non-susceptibility to front-line extended spectrum cephalosporins (cefixime and ceftriaxone) \[[@B5-tropicalmed-02-00045],[@B6-tropicalmed-02-00045],[@B7-tropicalmed-02-00045],[@B8-tropicalmed-02-00045]\] and azithromycin \[[@B7-tropicalmed-02-00045],[@B9-tropicalmed-02-00045],[@B10-tropicalmed-02-00045],[@B11-tropicalmed-02-00045]\]. Resistance to these extended spectrum cephalosporins has already been verified in several countries including Japan, Australia, Canada, Europe, South Africa, and others \[[@B3-tropicalmed-02-00045]\], and the organism has been classified by the Centers for Disease Control and Prevention (CDC) as a 'superbug' \[[@B3-tropicalmed-02-00045]\] that is difficult, if not at times impossible, to treat \[[@B12-tropicalmed-02-00045]\].

Data regarding the resistance of *N. gonorrhoeae* are commonly available on the World Wide Web, be it worldwide \[[@B12-tropicalmed-02-00045]\] or countrywide \[[@B13-tropicalmed-02-00045]\]. A local five-year study by Juayang et al. \[[@B14-tropicalmed-02-00045]\] that was published in 2015 reported that cefixime and ceftriaxone, having a 100% susceptibility rate, were still noted to be effective against *N. gonorrhoeae*. Recently, a number of news articles have been circulating about this superbug or untreatable gonorrhea \[[@B12-tropicalmed-02-00045]\]. Thus, to provide epidemiological markers for laboratory surveillance of *N. gonorrhoeae*, this continuing local study was undertaken.

2. Materials and Methods {#sec2-tropicalmed-02-00045}
========================

2.1. Inclusion and Exclusion Criteria {#sec2dot1-tropicalmed-02-00045}
-------------------------------------

This study focuses on male patients of Dr. Pablo O. Torre Memorial Hospital that were sent to the laboratory for the culture of their urethral discharges for *N. gonorrhoeae* between 1 January 2015 and 30 June 2017. Data from these patients were then grouped according to the origin of the sample, the age groups, and the isolates' antimicrobial test results.

2.2. Bacterial Isolation and Identification {#sec2dot2-tropicalmed-02-00045}
-------------------------------------------

Samples were collected by trained personnel from patients suspected to have gonococcal infections, using a sterile cotton swab. Swabs were inoculated onto chocolate agar plates (Oxoid) and incubated at 37 °C for 24 h with 5--8% carbon dioxide and a humidified atmosphere. Positive cultures were observed with characteristics of small, grayish colonies. Suspected colonies were then inoculated onto another chocolate agar plate and incubated at 37 °C for 24 h in a carbon dioxide incubator. Purified colonies were then tested biochemically using superoxol, oxidase, Gram stain, sugar fermentation \[[@B15-tropicalmed-02-00045]\], and resistance to colistin \[[@B16-tropicalmed-02-00045]\]. Isolates that were observed to be Gram-negative diplococci, superoxol- and oxidase-positive, able to ferment only glucose, and resistant to colistin, were considered to be *N. gonorrhoeae*.

2.3. Antibiotic Susceptibility Testing {#sec2dot3-tropicalmed-02-00045}
--------------------------------------

Testing for the isolates' susceptibility was carried out by Kirby-Bauer disc diffusion assay \[[@B15-tropicalmed-02-00045],[@B17-tropicalmed-02-00045]\] in accordance with the guidelines and criteria of the Clinical Laboratory Standards Institute \[[@B18-tropicalmed-02-00045]\] and the Centers for Disease Control and Prevention \[[@B19-tropicalmed-02-00045]\].

Three to five colonies from an overnight culture were suspended in normal saline solution adjusted to 0.5 McFarland standard and mixed vigorously to break up clumps. A sterile applicator stick was moistened in a standardized suspension, and excess moisture was expressed by rotating the swab against the tube wall. The entire surface of the GC agar (Oxoid) supplemented with 1% vitox (Oxoid) was then inoculated in three different directions to ensure uniform and confluent growth. The plates were allowed to stand for three to five minutes before applying the antibiotic discs. Commonly-used antibiotics (Oxoid) including cefixime (30 µg), ceftriaxone (30 µg), ciprofloxacin (5 µg), penicillin G (10 units), spectinomycin (100 µg), and tetracycline (30 µg) were applied two to three centimeters away from the edge of the plate and each other. Azithromycin was not included for antibiotic testing because the breakpoints for the interpretation of its zone of inhibition using the Clinical and Laboratory Standards Institute (CLSI) \[[@B18-tropicalmed-02-00045]\] guidelines are not available.

The plates for susceptibility testing were then incubated in inverted positions at 37 °C for 20 to 24 h in a carbon dioxide incubator. After 20 to 24 h, plates were retrieved, and the zones of inhibition were measured using a vernier caliper. Breakpoints for the definition of susceptibility were defined as zones of inhibition that were equal to or more than 35 mm for ceftriaxone, 31 mm for cefixime, 18 mm for spectinomycin, 38 mm for tetracycline, 41 mm for ciprofloxacin, and 47 mm for penicillin G \[[@B18-tropicalmed-02-00045]\]. Resistance was defined as having zones of inhibition that were equal to or less than 14 mm for spectinomycin, 30 mm for tetracycline, 27 mm for ciprofloxacin, and 26 mm for penicillin G \[[@B18-tropicalmed-02-00045]\].

2.4. Beta-Lactamase Production {#sec2dot4-tropicalmed-02-00045}
------------------------------

Beta-lactamase production was determined using a cefinase (nitrocefin-based) disc \[[@B14-tropicalmed-02-00045],[@B16-tropicalmed-02-00045],[@B18-tropicalmed-02-00045]\]. This was done by placing a cefinase disc on a glass slide and moistening with a small drop of deionized water. A colony from the chocolate agar was then taken and smeared on the cefinase disc. A change of color from yellow to pink indicated beta-lactamase production.

2.5. Quality Control {#sec2dot5-tropicalmed-02-00045}
--------------------

The quality of all culture media, biochemical tests, and potency of antibiotics were tested using the reference strain *N. gonorrhoeae* ATCC 49226 at regular intervals.

2.6. Data Analysis {#sec2dot6-tropicalmed-02-00045}
------------------

Data entry and analysis of the frequency of variables were made using the WHONET version 5.6 software downloaded from the WHO website.

2.7. Ethical Consideration {#sec2dot7-tropicalmed-02-00045}
--------------------------

Ethics approval was obtained from Dr. Pablo O. Torre Memorial Hospital's Research Ethics and Review Committee, approval number RERC 2016-17.

2.8. Results {#sec2dot8-tropicalmed-02-00045}
------------

A total of 88 *N. gonorrhoeae* isolates coming from 88 male patients were collected between 1 January 2015 and 30 June 2017. Among these patients, nine (10.23%) were considered pediatric (18 years old or younger) and 79 (89.77%) were considered adults.

Moreover, results showed that a 12-year-old was the youngest and a 72-year-old was the oldest patient from whom the organisms were isolated ([Table S1 and Figure S1](#app1-tropicalmed-02-00045){ref-type="app"}). Gonococcal infections were also noted to be the most prevalent in the group aged 20--24 years (30, 34.09%) followed by the group aged 25--29 years (15, 17.05%). Frequency of *N. gonorrhoeae* by age group is shown in [Table 1](#tropicalmed-02-00045-t001){ref-type="table"}.

Ceftriaxone remains the most effective drug with a susceptibility rate of 100%, followed by spectinomycin and cefixime with 92.1% and 80.9%, respectively. Penicillin G was noted to be the most ineffective with 0% susceptibility, followed by ciprofloxacin and tetracycline with 4.9% and 5.1%, respectively. The summary of the percent susceptibility of *N. gonorrhoeae* is shown in [Table 2](#tropicalmed-02-00045-t002){ref-type="table"}.

All 88 (100%) isolates were beta-lactamase producers, and 33 out of 78 (42.31%) that were tested with tetracycline were noted to have zones of inhibition that were below 19 mm ([Table S1](#app1-tropicalmed-02-00045){ref-type="app"}), usually indicating a plasmid-mediated tetracycline-resistant *N. gonorrhoeae*.

3. Discussion {#sec3-tropicalmed-02-00045}
=============

*N. gonorrhoeae* poses a health problem by developing resistance to commonly-used antibiotics, not just in developing countries but worldwide. It infects individuals regardless of age group or sexual orientation; thus, periodic monitoring is essential for the early detection of drug resistance.

In this study, the youngest patient was noted to be 12 years old, and the pathogen is most frequently found in the group aged 20--24 years. This can be probably attributed to the lifestyle and the laws that the Philippines is currently adopting. As stated in the Anti-Rape Law of 1997 (RA 8353), the age for consensual sex in the Philippines is 12. Recently, the Department of Health, Philippines, issued a statement that millennials are mostly affected by sexually transmitted disease, especially HIV \[[@B20-tropicalmed-02-00045]\]. This age group also coincides with the data of Golparian et al. \[[@B21-tropicalmed-02-00045]\], Ali et al. \[[@B15-tropicalmed-02-00045]\], as well as the previous study of Juayang et al. \[[@B14-tropicalmed-02-00045]\].

Though a lot of recent reports have circulated the idea of the superbug, ceftriaxone remains the most effective drug in this study, wherein all isolates were found to be susceptible, since that reported in the study of Juayang et al. \[[@B14-tropicalmed-02-00045]\] in 2015. This finding is similar to the study of Ali et al. \[[@B15-tropicalmed-02-00045]\] in Ethiopia, Toliman et al. \[[@B16-tropicalmed-02-00045]\] in Papua New Guinea, and Hsueh et al. \[[@B17-tropicalmed-02-00045]\] in northern Taiwan.

In this study, a total of 15 (17.4%) isolates were found to be non-susceptible to cefixime. Though the method utilized was disc diffusion, this can still be used to identify the susceptibility of *N. gonorrhoeae* to antimicrobial agents \[[@B18-tropicalmed-02-00045],[@B19-tropicalmed-02-00045]\] and is at par with E-tests and agar dilution tests \[[@B16-tropicalmed-02-00045],[@B17-tropicalmed-02-00045]\]. Cefixime at any dosage is no longer recommended by the CDC as a first-line regimen for gonococcal infection \[[@B22-tropicalmed-02-00045]\]. Cefixime is only considered as an alternative to an effective cephalosporin regimen because it cannot provide high or sustainable bactericidal levels such as those of ceftriaxone \[[@B23-tropicalmed-02-00045]\]. In the event that cefixime is used as an alternative regimen, the CDC \[[@B22-tropicalmed-02-00045],[@B23-tropicalmed-02-00045]\] recommends that the patient should return after a week for a test-of-cure at the site of infection. As of 7 July 2017, the updated global treatment recommendations of World Health Organization advise doctors to give two antibiotics, namely, ceftriaxone and azithromycin \[[@B12-tropicalmed-02-00045]\]. Non-susceptibility to cefixime \[[@B12-tropicalmed-02-00045]\] has already been noted in numerous studies such as those of Kovari et al. \[[@B24-tropicalmed-02-00045]\] in Switzerland, and Cole et al. \[[@B25-tropicalmed-02-00045]\] in Europe.

Resistance to tetracycline and ciprofloxacin in Bacolod City, Philippines has increased to 74.4% and 78%, respectively, when compared to the study of Juayang et al. \[[@B14-tropicalmed-02-00045]\] in 2015 (69% and 75.3%). High levels of resistance to these antibiotics were also observed in northern Taiwan \[[@B17-tropicalmed-02-00045]\], Hong Kong \[[@B26-tropicalmed-02-00045]\], Switzerland \[[@B24-tropicalmed-02-00045]\], and Ethiopia \[[@B15-tropicalmed-02-00045]\]. In the Philippines, good susceptibility to fluoroquinolones was noted in the early 90s \[[@B27-tropicalmed-02-00045]\]; however, resistance to fluoroquinolones and tetracyclines in the country was already documented in the mid-90s \[[@B28-tropicalmed-02-00045]\]. In 2007, the emergence of fluoroquinolone resistance in the United States prompted the CDC to no longer recommend this antibiotic for the treatment of gonorrhea \[[@B22-tropicalmed-02-00045]\].

Penicillin G resistance, observed to be 88%, was attributed to the ability of the organism to produce beta-lactamase, as also seen in the previous study of Juayang et al. \[[@B14-tropicalmed-02-00045]\]. Beta-lactamase production capability of the isolates provides epidemiological information and recognition of plasmid-mediated penicillin resistance \[[@B17-tropicalmed-02-00045]\]. Although penicillin G is not currently used in the treatment of gonorrhea, it is still advisable to monitor susceptibility, because it is used in other parts of the globe and prevalence of resistance remains high \[[@B15-tropicalmed-02-00045]\].

Spectinomycin resistance of 6.7% was lower from that found by Juayang et al. \[[@B14-tropicalmed-02-00045]\], which was 8%. Spectinomycin is used as an alternative in cases where patients are allergic to beta-lactam drugs. However, spectinomycin cannot effectively eradicate pharyngeal gonorrhea because of its poor excretion in the saliva \[[@B29-tropicalmed-02-00045]\]. Although the resistance rate is low, the WHO does not recommend the use against gonorrhea of antibiotics that have resistance rates of more than 5% \[[@B12-tropicalmed-02-00045],[@B21-tropicalmed-02-00045]\].

Resistance varies with time and with regions or countries, and it can emerge rapidly in any locality. Antibiotic resistance patterns in a locality can change due to the importation of new strains or the development of resistance. Throughout the world, the antibiotic resistance of *N. gonorrhoeae* continues to rise through the years beginning with penicillin, tetracycline, fluoroquinolones, and recently the extended spectrum cephalosporins \[[@B13-tropicalmed-02-00045]\]. Resistance is acquired in different ways. The primary causes, however, are overuse, inappropriate drug prescription, extensive agricultural use, availability of few antibiotics, and regulatory barriers \[[@B30-tropicalmed-02-00045]\]. A typical scenario for most organisms is to adapt and evolve every time a new class of antibiotics is discovered and used. Countrywide, the data of Antimicrobial Resistance Surveillance Program (ARSP) \[[@B13-tropicalmed-02-00045]\] indicates that both cefixime and ceftriaxone can be used to treat gonococcal infection. Unfortunately, as observed in this study, only ceftriaxone remains the drug of choice for treatment of gonorrhea in the locality of Bacolod City, Philippines. To ensure effective treatment, continuous surveillance of antibiotic resistance is imperative and must be population-based \[[@B21-tropicalmed-02-00045]\].

4. Conclusions {#sec4-tropicalmed-02-00045}
==============

Finally, the prevalence of high resistance rates of *N. gonorrhoeae* against ciprofloxacin, tetracycline, and penicillin G was observed. Non-susceptibility to cefixime was also noted, and decreasing resistance in spectinomycin was observed. The results of this study also conform to the data and recommendation of the CDC and the WHO for the use of ceftriaxone as the first-line regimen against gonorrhea in Bacolod City, Philippines. Continued monitoring of the resistance patterns of *N. gonorrhoeae* is recommended in order to detect early resistance to ceftriaxone.

This study would not be possible without the help of Desiree Diel, Gemma de los Reyes, Michael Angelo Acosido and Carl Angelo Hofileña.
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###### 

Frequency of isolated *N. gonorrhoeae* from male patients by age group.

  Age Group (Years)   Frequency
  ------------------- -------------
  10--14              2 (2.27%)
  15--19              8 (9.09%)
  20--24              30 (34.09%)
  25--29              15 (17.05%)
  30--34              13 (14.77%)
  35--39              5 (5.68%)
  40--44              4 (4.55%)
  45--49              0 (0%)
  50--54              2 (2.27%)
  55--59              2 (2.27%)
  ≥60                 7 (7.95%)
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###### 

Drug resistance pattern of *N. gonorrhoeae* in Bacolod City, Philippines.

  Antibiotics     No. of Isolates Tested   Susceptible     Non-Susceptible   Intermediate    Resistant
  --------------- ------------------------ --------------- ----------------- --------------- ---------------
  Ceftriaxone     88                       100% (88/88)    0% (0/88)         \-              \-
  Cefixime        86                       82.6% (71/86)   17.4% (15/86)     \-              \-
  Spectinomycin   86                       91.8% (79/86)   \-                1.2% (1/86)     7.0% (6/86)
  Tetracycline    78                       5.1% (4/78)     \-                20.5% (16/78)   74.4% (58/78)
  Ciprofloxacin   82                       4.9% (4/78)     \-                17.1% (14/82)   78% (64/82)
  Penicillin G    88                       0% (0/88)       \-                0% (0/88)       100% (88/88)
